root collar rot disease and paddy blight disease. Seeds were germinated in petri dishes containing moist filter paper at 25 °C under a long day regime (16 h light and 8 h dark). After 10 days of germination, plants were harvested, and genomic DNAs were isolated from leaves of individual plants of each cultivar, according to Pervaiz et al. (2011) . The quantities of DNA were measured by Nanodrop (Thermo Scientific, 2000c) , and qualities were controlled by 1% agarose gel electrophoresis.
IRAP analysis
The IRAP technique was used to investigate retrotransposon polymorphism. For this purpose, we chose Hopi, Houba, RIRE1, and Osr30 retrotransposons. These retrotransposons have not been used for IRAP analyses before. Therefore, primers were designed for the first time in this study. Retrotransposon sequences of O. sativa 'Japonica' were obtained from the NCBI database. Using these sequences, IRAP primers were designed manually for each retrotransposon. IRAP primers and the accession numbers of reference sequences are given in Table 2. IRAP-PCR was performed in a total volume of 20 μL containing 20 ng of template DNA, 10 nmol of forward and reverse primers, and SapphireAmp Fast PCR Master Mix (Takara, RR350A). PCR conditions were as follows: initial denaturation at 94 °C for 2.5 min followed by 30 cycles at 94 °C for 30 s, 55 °C (for Hopi and Osr30) or 51 °C (for Houba and RIRE1) for 30 s, 72 °C for 3 min. The reaction was completed with a final extension at 72 °C for 7 min. PCR products were resolved by 3% agarose gel electrophoresis at 120 V for 5 h in 1X TBE buffer. A molecular weight marker (Thermo, 1 Kb #SM0311) was also loaded to determine the sizes of the PCR fragments and gel was visualized by UV transilluminator and photographed. Gel photos were used for data analyses.
Data analysis
Polymorphism ratios between each cultivar were calculated manually. For this purpose, well-resolved bands were scored as a binary value: "1" for presence and "0" for absence of bands. The binary matrix (1/0) was used to calculate the similarity among 37 Oryza sativa L. cultivars by Jaccard coefficient (Jaccard, 1908) . The (Figure 2 ). In all 37 rice cultivars, 2 of 7 PCR lines were common. In addition, a very clear PCR fragment that is about 700 bp was also common with the exception of the 23rd cultivar. Likewise, a PCR fragment under 250 bp was present in all species with the exception of the 16th cultivar. Based on the IRAP result in Osr30, polymorphism ratios were calculated ranging from 0% to 57% (Table 3, ranged from ~10,000 to ~400 bp. This band distribution of copia retrotransposons was much higher than gypsy's. Houba resulted in the best IRAP profile when compared to the other 3 (Figure 3 ). It gave 29 PCR band lines, and 10 of them were present in all plant samples. The polymorphism ratios of Houba were calculated at variable percentages from 0% to 52% (Table 4 , bottom part). IRAP results in RIRE1 were similar to Houba, in a band range from ~10,000 to ~400 bp. However, it provided only 12 PCR fragment lines, and 6 of them were common in all 37 test samples (Figure 4 ). In addition, polymorphism ratios were variable (0%-45%) (Table 4, upper part).
Discussion
In this study, we analyzed 37 rice cultivars in terms of retrotransposition events by IRAP marker for 4 retrotransposons (Hopi, Osr30, Houba, and RIRE1). All tested cultivars showed different degrees of polymorphism in each of the tested retrotransposons. This study is the first research to generate fingerprinting with the IRAP marker system in rice cultivars in Turkey.
Despite the importance of retrotransposons for genome dynamics and gene activity, our understanding of their biology is still in a primitive state. The studies that search for polymorphism in individual retrotransposons are limited, although the genome project (International Rice Genome Sequencing Project, 2005) and 3000 genome project (Li et al., 2014) of rice were completed.
In rice breeding, DNA fingerprinting is required for the precise identification of cultivars. Many families of retrotransposons are represented by multiple copies in the eukaryotic, especially cereal, genomes. Integrated copies of retrotransposons are inherited genetically. Despite their high copy numbers in the genome, most of the retrotransposons were inactivated through evolutionary processes. However, they can be activated by biotic and abiotic stress conditions (Hamad et al., 2012) . Because of this, retrotransposon insertion polymorphisms among cultivars are useful for DNA fingerprinting (Monden et al., 2014) .
Molecular markers are useful tools for identification of genetic variation among cultivars. There are many studies for cultivar-specific DNA fingerprint analyses in rice that are performed with molecular markers such as microsatellite, SSR, ISSR, and RAPD (Muhammad et al., 2009; Zhu et al., 2012; Subudhi et al., 2013; Ashu and Sengar, 2015; Vemireddy et al., 2015) . SSR, RAPD, and ISSR PCR-based marker systems were used in 30 rice varieties to generate a DNA fingerprint database (Ashu and Sengar, 2015) . The SSR marker system was used in analysis for fingerprinting 14 varieties of rice cultivated in Punjab State, India (Sarao et al., 2009) . Moreover, SSR markers were used for demonstrating the relationship between the 48 main commercial rice cultivars grown in China; however, SSR markers have limited application in fingerprinting due to the high cost and intense research effort involved (Zhu et al., 2012) .
The IRAP marker system can be a useful tool for investigating rice breeding (Kalendar et al., 1999) . A retrotransposon-based marker, like IRAP, has not been used for the identification of rice cultivars until now. However, ISSR, IRAP, and SSR marker systems were used for indicating the phylogenetic relationships of organisms other than rice, such as Secale (Achrem et al., 2014) .
The IRAP technique is sufficient for primer binding to a special region of retrotransposons. IRAP results are reproducible, unlike the results produced by the RAPD method. Moreover, IRAP is cheaper and more easily applicable than AFLP. IRAP is a useful technique for revealing large changes in the genome compared to other marker techniques such as RFLP, SNPs, AFLP, and microsatellites (Schulman et al., 2012) .
However, all retrotransposons are not useful for ricecultivar-specific DNA fingerprinting by IRAP marker. In our experiments, we indicated that only Houba is a good candidate for fingerprinting analyses in rice because of its band profile quality. Although polymorphism rates were lower in Houba (52%), compared with gypsy retrotransposons Hopi and Osr30, its band length rates (between 10,000 and 400 bp) and total band numbers (29 PCR bands) were higher. However, there are studies using different primer pairs in IRAP-PCR, one of which was carried out in Secale. In that study, 73 amplification products which were generated with IRAP primers and 86.8% were polymorphic; however, the PCR product was in a narrow range (109 bp to 3374 bp) (Achrem et al., 2014) .
Conclusion
Molecular markers based on retrotransposons have potential value for biodiversity, phylogenetic, and evolutionary analyses in rice (Kwon et al., 2005; Kang and Kang, 2008) . One of the most important steps is finding suitable retrotransposons to analyze in specific plant species. DNA fingerprinting between rice cultivars by means of IRAP marker provided meaningful data that can be extended with additional rice retrotransposons. During analyses, we observed that these retrotransposons, especially Houba, are suitable for DNA fingerprinting. The data obtained from this study can be used for a variety of information and contribute to the construction of a database of rice varieties. Our studies with this retrotransposon are continuing, and include analyzing its movements in different plant parts.
